One of the potential exposure pathways of concern when assessing human exposures to environmental contaminants is the ingestion of contaminated foods. Individuals who live near contaminated sites and who grow their own food may be at a higher risk than the general population. Estimating exposures to this subpopulation requires an analysis of homegrown food intake rates. The Nationwide Food Consumption Survey ( NFCS ) 1987 -1988 data were used to generate intake rates for home -produced foods. Results of the analysis show that, among the general population, homegrown vegetables ( 18% ) were the most commonly consumed of the major food groups, followed by fruit ( 8% ), meat ( 5% ), fish ( 2% ), and dairy products ( 0.8% ). The intake rates for the major food groups vary according to region, age, urbanization, and race. In general, intake rates of home -produced foods are higher among populations in nonmetropolitan and suburban areas and lowest in central city areas.
Introduction
Home -produced foods can become contaminated in various ways. Plants may become contaminated by deposition of pollutants from the air, absorption of pollutants that are dissolved in rainfall or irrigation waters, and absorption of pollutants by plant roots from contaminated soils and water. Meats and dairy products may become contaminated when animals grazing in these areas consume contaminated soil, water, or feed crops.
Farmers, as well as rural and urban residents who consume home -produced foods, may be potentially exposed if these foods become contaminated. For these populations, exposure via the consumption of homeproduced foods may be a significant route of exposure ( US EPA, 1989 , 1996 . Consumption of homegrown fruits, vegetables, game, and fish has been shown to have an impact on blood lead levels in areas where soil lead contamination exists (US EPA, 1994) . Ingestion of homegrown foods has been considered a potential route of exposure at Superfund sites where soil contamination is found (US EPA, 1991 . Assessing exposures to individuals who consume home -produced foods requires the knowledge of intake rates of such foods. For the purposes of this study, home -produced foods were defined as homegrown fruits, vegetables, meat, and dairy products derived from consumer-raised livestock, game meat, and home -caught fish.
Until 1988, USDA conducted the NFCS every 10 years to analyze the food consumption behavior and dietary status of Americans ( USDA, 1992 ) . The NCFS 1987 -1988 survey was conducted between April 1987 and August 1988 -1988 , there were two components of the NFCS. The household component collected information based on a recall of food used over a 7 -day period. The survey included information on the socioeconomic and demographic characteristics of households, and the types, amount, value, and sources of foods that were brought into the household and used for consumption (USDA, 1994 ). An important and unique aspect of this survey is that respondents identified if the food was home -produced or not. Although USDA has conducted food consumption surveys in recent years, they do not include information on home -produced foods. The individual intake component collected information on food intakes at home and away from home of individuals within each household over a 3-day period (USDA, 1993 ) . The survey used a statistical sampling technique designed to ensure that all seasons, geographic regions of the 48 conterminous states in the US, and socioeconomic and demographic groups were represented (USDA, 1994 ) . The sample size for the 1987 -1988 survey was approximately 4300 households ( over 10,000 individuals ).
Methods
The food items /groups selected for analysis included the following major food groups: total fruits, total vegetables, total meats, total dairy, total fish, and shellfish. Food items/ groups were identified in the NFCS database according to NFCS -defined food codes. Intake rates were not calculated for food items /groups for which less than 30 households reported home -produced usage because the number of observations may be inadequate for generating distributions that would be representative of that segment of consumers. The USDA data were adjusted by applying the sample weights calculated by USDA to the data set prior to analysis. The USDA sample weights were designed to adjust for survey non-response and any underrepresentation of demographic groups, and to account for unequal numbers of interviews in different calendar months or on different days of the week (USDA, 1987 (USDA, -1988a . Also, the USDA weights were calculated ''so that the weighted sample total equals the known population total, in thousands, for several characteristics thought to be correlated with eating behavior'' (USDA, 1987 (USDA, -1988a .
AlthoughtheindividualintakecomponentoftheNFCSgave the best measure of the amount of each food item eaten by each individual in the household, it could not be used directly to measure consumption of home -produced food because the individualcomponentdidnotidentifythesourceofthefooditem ( i.e., as home -produced or not) ( USDA, 1987 ( USDA, -1988b . Therefore,ananalyticalmethod,whichincorporateddatafrom both the household and individual survey components, was developedtoestimate individual home -producedfood intake. The USDA household data were used to determine (1 ) the amount of each home -produced food item used during a week byhouseholdmembersand( 2)thenumberofmealseateninthe household by each household member during a week. The household survey reported the total amount of each homeproducedfooditemusedinthehousehold(whetherbyguestsor household members ). The amount of home -produced food used by household members was derived by multiplying the total amount of home -produced food used in the household by the proportion of all home -produced meals served in the household ( during the survey week ) that were consumed by household members.
The individual survey data were used to generate average sex -and age -specific serving sizes for each food item (USDA, 1987 (USDA, -1988b . The term ''serving size'' in this manuscript refers to the amount eaten per eating occasion. This value is estimated by adding the meal size, including snacks, among individuals in an age group category and then dividing it by the total number of meals. Serving size data or amount eaten per eating occasion is necessary to apportion the amount of home -produced food eaten by each individual. The age categories used in the analysis were as follows: 1 -2 years, 3 -5 years, 6-11 years, 12 -19 years, 20 -39 years, 40 -69 years, and over 70 years. Intake rates were not calculated for children under 1 year because their diet differs markedly from that of other household members, and thus, the assumption that all household members share all foods would be invalid for this age group. The estimated serving sizes for these groups were used during subsequent analyses to generate homegrown food intake rates for individual household members. Individual intakes of home - produced food were calculated for all members of the survey population by using the quantity of each homegrown food item /group used by the family, the number of meals consumed by each individual, and the mean sex -and agespecific serving size for each family member. Individual intake rates were calculated using the following general equation:
where: w i = homegrown amount of food item /group attributed to member i during the week (g /week ); W f =total quantity of homegrown food item /group used by the family members (g /week ); m i = number of meals of food consumed by member i during the week (meals/week ); and q i = serving size for an individual within the age and sex category of the member (g /meal ).
This model assumes that the serving size for a particular home -produced food item is the same as the serving size for the same food item which was obtained from the individual component of the NFCS 1987 -1988 survey and that includes foods from all sources. The model apportions the amount eaten by each individual in the household by taking the ratio of the numbers of meals eaten by each individual times the average serving size for an individual of the same age and gender divided by the sum of the number of meals eaten by each member of the family times the average serving size for each individual at the age group and gender. The data on the number of meals used in this model represent all meals eaten regardless of their source. This approach was necessary because the survey does not provide data on the percentage of each meal that is homeproduced. The model is essentially assuming that the percentage of each meal that is home -produced is similar for all members of the household. In reality, the percentage of the meal that was home -produced may vary from 0% to 100%. The effect that this limitation has on the result is minimized by the fact that the ratio of the meals is taken. Daily intake of a homegrown food item /group for each individual in the survey was determined by dividing the weekly value (w i ) by seven. Intake rates were indexed to the self -reported body weight of the survey respondent and were reported in units of g/kg day. For the major food groups (fruits, vegetables, meats, dairy, and fish ), distributions of home -produced intake among consumers were generated for the entire data set and according to the following subcategories: age groups, urbanization categories, seasons, and race. Although not included in the results presented here, analyses were also conducted for the various regions of the US ( i.e., Northeast, Midwest, South, and West ) (US EPA, 1997). In addition, intakes were generated for those households that indicated being engaged in gardening, farming, fishing, or raising animals. Consumers were defined as members of survey households who reported consumption of the food item /group of interest during the 1 -week survey period. The percentage of intake that was homegrown was also calculated as the ratio of total intake of the homegrown food item /group by the survey population to the total intake of all forms of the food by the survey population. Percentiles of average daily intake derived from short time intervals ( e.g., 7 days ) will not, in general, be reflective of long -term patterns. This is especially true regarding consumption of many homegrown products (e.g., fruits, vegetables ), where there is often a strong seasonal component associated with their use. Deriving long -term distribution of average daily intakes requires knowledge about within -person variability over time (Buck et al., 1995 ) . In the absence of these data, exposure assessors commonly assume that this variability is small (Slob, 1993; Buck et al., 1997 ) . Following this presumption, an individual who consumes at a particular percentile level for the season in which the individual was surveyed is assumed to consume at that same percentile level during other seasons of the year. For example, an individual who reported a high consumption of meat during the survey period would be assumed to have a high consumption of meat during other seasons of the year. To try to derive, for the major food categories, the long -term distribution of average daily intake rates from the short -term data available, an approach was developed, which attempted to account for seasonal variability in consumption using this basic assumption. This approach used regional ''seasonally adjusted distributions'' to approximate regional long -term distributions and then combined these regional -adjusted distributions (in proportion to the weights for each region) to obtain a US -adjusted distribution, which approximated the US long -term distribution. It is recognized that some bias may be introduced by virtue of the assumptions used in the analysis. However, more research in deriving long -term distributions from short -term data is necessary to fully understand the impact of this bias. The percentiles of the seasonally adjusted distribution for a given region were generated by averaging the corresponding percentiles of each of the four seasonal distributions of the region. Specifically, the seasonally adjusted distribution for each region is such that its inverse cumulative distribution function is the average of the inverse cumulative distribution functions of each of the seasonal distributions of that region. The use of regional seasonally adjusted distributions to approximate regional long -term distributions is based on the assumption that each individual consumes at the same regional percentile levels for each season and consumes at a constant weekly rate throughout a given season. Thus, for instance, if the 60th percentile weekly intake level in the South is 14.0 g in the summer and 7.0 g in each of the three other seasons, then an individual in the South with an average weekly intake of 14.0 g over the summer would be assumed to have an intake of 14.0 g for each week of the summer and an intake of 7.0 g for each week of the other seasons.
The intake data presented here for consumers of homeproduced foods and the total number of individuals surveyed may be used to calculate the mean and the percentiles of the distribution of home -produced food consumption in the overall population (consumers and nonconsumers ) as follows. Assuming that IR is the homegrown intake rate of food item /group at the pth percentile and N c is the weighted number of individuals consuming the homegrown food item, and N T is the weighted total number of individuals surveyed, then N T À N c is the weighted number of individuals who reported zero consumption of the food item. In addition, there are (p /100ÂN c ) individuals below the pth percentile. Therefore, the percentile that corresponds to a particular intake rate (IR p ) for the overall distribution of homegrown food consumption (including consumers and non -consumers ) can be obtained by:
where
As mentioned earlier, the individual intake rates derived in this section are based on the amount of food that was brought into the household and available for consumption. As measured by the NFCS, the amount of food ''consumed'' by the household is a measure of consumption in an economic sense, i.e., a measure of the weight of food brought into the household that has been consumed ( used up ) in some manner. In addition to food being consumed by persons, food may be used up by spoiling, by being discarded ( e.g., inedible parts ), through cooking processes, etc. USDA estimated preparation losses for various foods ( USDA, 1975 ) . For meats, a net cooking loss, which includes dripping and volatile losses, and a net post -cooking loss, which involves losses from cutting, bones, excess fat, scraps, and juices, were derived for a variety of cuts and cooking methods. For total meats, these losses have been averaged across all meat types, cuts, and cooking methods to obtain a mean net cooking loss and a mean net post -cooking loss. For fish and shellfish, fruits and vegetables, USDA ( 1975 ) Response to questionnaire Households who fish 3,553,000 220 9 2.2 0.00 0.47 1.1 5.6 7.9 16 45 SE = standard error; P= percentile of the distribution; N c wgtd = weighted number of consumers; N c unwgtd = unweighted number of consumers in survey. **Intake data not provided for subpopulations for which there were less than 20 observations. also gave cooking and post -cooking losses. These data are presented in Table 1 . The following formulas can be used to convert the intake rates tabulated here to rates reflecting actual consumption:
where: I A = adjusted intake rate; I= tabulated intake rate; L 1 = cooking loss; L 2 = post -cooking loss; and L p =paring or preparation loss. For fruits, corrections based on post -cooking losses only apply to fruits that are eaten in cooked forms. For raw forms of the fruits, paring or preparation loss data should be used to correct for losses from removal of skin, peel, core, caps, pits, stems, and defects, or draining of liquids from canned or frozen forms.
Results
The intake rate distributions (among consumers ) for total home -produced fruits, vegetables, meats, fish, and dairy products are shown, respectively, in Tables 2-6 . Also shown in these tables is the proportion of respondents consuming the item during the ( 1-week ) survey period. Homegrown vegetables were the most commonly consumed of the major food groups ( 18% ), followed by fruit (8% ), meat (5% ), fish (2% ), and dairy products ( 0.8% ). The intake rates for the major food groups vary according to season, age, urbanization, and race. In general, intake rates of home -produced foods are higher among populations in non -metropolitan and suburban areas and lowest in central city areas. Homegrown intake was generally higher among individuals who indicated that they operate a farm, grow their own vegetables, raise animals, and catch their own fish. The results of the seasonal analyses for all regions combined indicated that, in general, homegrown fruits and vegetables were eaten at a higher rate in summer, and home -caught fish were consumed at a higher rate in spring. Seasonally adjusted intake rate distributions for total vegetables, total fruits, and total meats are presented in Table 7 .
Discussion
The USDA NFCS data set is the largest publicly available source of information on consumption on home -produced foods in the United States. The advantages of using this data set are that it is expected to be representative of the US population and that it provides information on a wide variety of food groups. However, the data collected by the USDA NFCS are based on short -term dietary recall and the intake distributions generated from them may not accurately reflect longterm intake patterns, particularly with respect to the tails ( extremes ) of the distributions. The two survey components (i.e., household and individual ) do not define food items /groups in a consistent manner; as a result, some errors may be introduced into these analyses because the two survey components are linked. The results presented here may also be biased by assumptions that are inherent in the analytical method utilized. The analytical method may not capture all high -end consumers within households because average serving sizes are used in calculating the proportion of homegrown food consumed by each household member. Thus, for instance, in a twoperson household where one member had high intake and one had low intake, the method used here would assume that both members had an equal and average level of intake. In addition, the analyses assume that all family members consume a portion of the home -produced food used within the household. However, not all family members may consume each home -produced food item and serving sizes allocated here may not be entirely representative of the portion of household foods consumed by each family member. The preparation loss factors presented in Table 1 are intended to convert intake rates based on ''household consumption'' to rates reflective of what individuals actually consume. However, these factors do not include losses to spoilage, feeding to pets, food thrown away, etc. It should also be noted that because this analysis is based on the 1987 -1988 NFCS, it may not reflect recent changes in food consumption patterns. The low response rate associated with the 1987 -1988 NFCS ( i.e., 38% for the household survey and 31% for the individual survey ) also contributes to the uncertainty of the homegrown intake rates generated using these data (USDA, 1993 ) . The data presented here for consumers of homeproduced foods represent average daily intake rates of food items /groups over the 7-day survey period and do not account for variations in eating habits during the rest of the year; thus, the percentiles and the percent Tables 2 -6 (except the seasonally adjusted ) are more appropriate when considering exposures over time periods of about 1 week. In contrast, the seasonally adjusted percentiles are designed to represent a long -term distribution of average daily intake and the percentage consuming shown with this distribution is designed to estimate the percent of the population consuming at any time during a year. Since the tabulated percentiles reflect the distribution among consumers only, Eqs. (2 ) and ( 3) must be used to convert the percentiles shown in Tables 2 -7 to ones valid for the general population. As mentioned earlier, it is recognized that there are limitations regarding the assumptions used to estimate the long -term distribution and that further research is necessary to test the impact of these assumptions. A comprehensive study, where individuals are surveyed many times over a long period of time, is necessary to fully understand the issues regarding the estimation of long -term distributions from short -term measurements and to improve the accuracy of the analysis. The analysis presented here provides valuable insights about the consumption of home -produced foods. Despite the limitations described above, the Nationwide Food Consumption Survey (NFCS ) 1987 -1988 household data used in this analysis is the only national data set available that provides information about the use of home -produced foods in the US. As stated earlier, this pathway may be the most significant for farmers, rural and urban residents consuming homegrown products that may have become contaminated.
